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roR  Tg  ABAWWttitT  OP  sptgnry  m  the 

THlOinf  OF  COOPPATIVE  CAKIS 
T.  C.  3ch«lllnf 

1^  flr«t  p^rt  of  thl*  paptr  arguea  th^t  the  pure,  "noveleaa" 
b«r0ftlnlne  gaat  aaaljrMA  by  llaab,  BarMnyl,  Luce  kj:id  Ralffa,  and 
others,  asy  not  exist  or,  If  It  does,  is  of  s  different  character 
from  whet  has  been  gsnerelly  supposed;  the  point  of  departure  for 
this  erguBsat  Is  the  operational  nsanlng  of  agyeeaent,  a  concept 
that  is  alaost  Invariably  left  undefined.  The  second  part  of  the 
paper  argues  that  aysstry  In  the  solution  of  bargaining  gsaes  cannot 
he  eupported  on  the  notion  of  "rational  expectation!" ;  the  point  of 
deyierture  for  this  argisMnt  Is  the  operational  identification  of 
Irrational  sxpaetatlona . 

Part  I 

The  logical  structure  (aove  structure)  of  a  rero-sua  gaae  Is 
COBplstaly  defined  by  the  gaw's  payoff  aatrlx  or  function;  and,  If 
eae  la  attracted  to  the  nlniaax  solution,  the  payoff  nstrix  contains 
ewexxthlng  significant  in  the  gas>e.  For  the  tacit  (non-cooperative) 
wom^W9TO-§vm  9BS,  though  not  sll  of  the  essentials  of  the  gasv  are 
■eceaaarlly  contained  in  the  payoff  aatrlx,  the  entire  ao'/e  structure 
Is.  There  are  no  "eovss"  in  this  gsae,  except  the  unilateral  selec- 
tiSB  of  strstsglea,  aad  the  timing  of  euch  selection  is  iMsterlal 
•lass  tfasrs  Is  so  evtcoas  until  both  pisyers  have  selected.  But  the 


tsait  (essparatlve )  aon-tero-s\ia  is  not  defined  by  Its 
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payoff  Batrlx;  th«  optratlooa  by  which  cholcat  art  aadt  auat  all  11  be 
specif  ltd.  OoaBOxxly  these  oparatlone  art  sketched  In  by  rtfertnct  to 
the  notion  of  "binding  agreeewnts,"  together  with  the  notion  of  fret 
cosBBunlcatlon  In  the  process  of  reaching  agreeaent.  Thus  to  eay  that 
two  players  sMty  divide  $1CX}  ae  soon  as  they  can  agj^ee  on  how  to  divide 
It,  and  that  they  oay  discuss  the  setter  fully  with  each  other,  is 
generally  coneldertd  sufficient  to  define  a  gaae. 

A  gaae  of  thle  sort  is  syMStrlcal  In  Its  "novt"  stiMCture,  even 
though  it  nay  be  aeyMStrlcal  In  the  configuration  of  payoffs.  ’Ha 
two  players  have  Identical  privllegee  of  cosaunicatlon,  of  refusing 
offers,  and  of  reaching  agreeaent.  If  inetead  of  dividing  $100  the 
players  are  to  aPTte  on  values  X  acd  T  contained  within  a  boundary, 
the  payoff  function  aay  not  be  syaaetrlcal  but  the  aove  structure  Is. 
Harsanyl ,  to  eaphaslie  this,  has  even  added  explicitly  the  poetulate 
of  syMetrical  aoves:  "The  bargaining  parties  follow  Identical 
(syesMtrlc)  rules  of  behaviour  (whether  because  they  follow  the  saae 

principles  of  rational  behaviour  or  because  they  are  subject  to  the 

•« 

sane  psychological  laws)." 


Luce  and  Ralffa,  in  effect,  define  cooperative  two-person  gaees  by 
reference  to  a  payoff  astrlx  atul  tha  following  three  stipulations: 

(l)  All  preplay  eessages  foreulated  by  one  player  are  trans- 
alttad  without  distortion  to  the  other  player. 

(li)  All  agreeaents  are  binding,  and  they  are  enforceable  by 
the  rules  of  the  gjaas . 

(ill)  A  playar's  evaluations  of  the  outcoaes  of  the  gaae  are  not 
disturbed  by  these  preplay  negotiations. 

Geaes  and  Decisions,  p.  111*. 

*HI 

John  Harsanyl  ,  "Approaches  to  the  Bargaining  Problea  Before  and 
After  the  Theory  of  Geaes...,"  Ico  not  trice,  Vol .  21*,  April  1?5^, 
p.  11*9. 
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rOR  m  ABAKDOWMPT  Of  SlOtgOff  H 
TmORT  or  COOPERATIVE  GAMIS 
T.  C.  Schcllln^ 


Tb«  flnt  part  of  thl«  papor  arguet  that  tha  purt,  "■ovaleti” 
bargaining  eaaa  analyiad  by  Raab,  Baraanyl,  Luca  and  Ralffa,  and 
othera,  nay  not  axlat  or,  if  It  doaa,  la  of  a  diffarant  charactar 
trxm  what  baa  baan  ganarally  tuppoaad;  tha  point  of  dapartura  for 
thla  argvBMnt  la  tha  oparatlonal  aaanlng  of  agraeaent ,  a  concapt 
that  la  alaoat  Invariably  laft  undeflnad.  Tha  aacond  part  of  tha 
papar  arguaa  that  ayanatry  in  tha  solution  of  bargaining  giuaaa  cannot 
ba  aupportad  on  tha  notion  of  "rational  axpactatlona”  |  tha  point  of 
dapartura  for  thla  argiaant  la  tha  oparatlonal  Idantlflcatloo  of 
Irratloaal  axpactatlona. 


fart  I 


Tbm  logical  atfuctura  ^aova  atructura)  of  a  acro-aia  gaaa  la 
coaplataly  daflnad  by  tha  gaaia'a  payoff  aatrlx  or  function;  and,  If 
ooa  la  attractad  to  tha  nlniaax  solution,  the  payoff  aatrlx  contains 
avarythlng  significant  in  tha  gwia.  For  the  tacit  (non-cooparatlve) 
DOO>aaro-s\a  c^aa,  though  not  all  of  tha  eaaentlala  of  tha  gaaa  are 
Dscasaarlly  contained  in  tha  payoff  aatrlx,  tha  entire  aova  atructura 
la.  Thara  ara  no  "novas"  In  thla  gaaa,  except  tha  unllataral  aelac* 
tlon  of  atrataglai,  and  tha  timing  of  auch  aalactlon  la  lanatarial 
alaea  thara  is  me  autcoms  until  both  playara  have  aa  lac  tad.  But  tha 
Boo-taait  (aoopermtlva )  noo-aaro-a^ai  gaaa  la  not  daflnad  by  Its 
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What  I  want  to  do  aov  it  to  look  at  thlt  notion  of  "agrttatnt"  on 
tho  attxBptlon  of  perfect  tyatetry  In  the  bovc  structure  of  tbe  frnme, 
paying  cloae  attention  to  tbe  "le^l  detaile"  of  the  bargaining  proceaa. 
We  Buat  alao  look  at  the  aeanlng  of  ’’nonagreeaeDt Since  any  ’#ell- 
dcflned  gaaw  auat  have  eoae  rule  for  Ita  ovn  terBlnatloo,  let  ua  look 
at  the  rulaa  for  termination  firet. 

If  ve  are  to  avoid  adding  a  ehole  ntv  dlmenaloo  to  our  payoff 
matrix,  in  the  fora  of  dlacount  ratea,  ve  auat  euppoae  that  the  game 
la  terminated  aooo  enough  ao  that  nothing  like  the  Intereat  rate  enters 
the  picture.  Ua  do  not  want  to  have  to  conaider  the  time  at  vhleh 
agreeamnt  la  reached,  In  addition  to  tbe  agreement  1  tee  If.  Thla  la 
not  only  a  matter  of  convenience;  the  game  ceaaee  to  be  "moveleec" 
except  In  very  tpeeial  caeee,  unleee  ve  make  this  atlpulatlon.  for  If 
the  players'  time  preferences  take  any  ahape  exoept  that  of  a  cootlo- 
uoualy  uniform  dlacount  rate,  the  game  Itself  changes  vlth  tbe  passage 
of  time  and  a  player  can,  in  effect,  change  tbe  game  Itaelf  by  falliof 
to  reach  agreement.  The  nolioo  of  a  cootinuoualy  uniform  discount 
rate  Is  far  too  special  and  unrealistic  to  use  as  a  basic  postulate; 

•o  ve  must  aksime  that  the  game  le  eomebov  gotten  over  vlth. 

Perhaps  tbe  elmpleet  vay  to  teralnate  the  game  le  to  have  e  bell 
ring  at  a  specified  t^me  kmovn  In  advance,  rtmre  are  other  vaye,  aueb 
as  having  tbe  refexme  roll  dice  every  fev  alnutee,  calling  off  the  game 
vhenever  he  rolls  boxcars.  (Ue  might  have  tts  game  terminate  after  e 
specified  number  of  offers  have  b«eo  refused,  but  this  vould  chan^  the 
character  of  the  game  by  making  certain  kinds  of  coaBunlcatlon  "real 
moves"  tnat  leave  the  game  different  from  vlmt  It  vae  before,  and 
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pcrfore*  iMd  us  Into  such  tactics  as  tbs  sxhaustlon  of  offsrs.) 

For  simplicity,  suppose  that  ths  gams  vlll  be  termlnatsd  at  a 
specif  ltd  time,  knovn  In  advance  to  tlie  pla/srs,  and  for  convenlsnce 
of  discussion  1st  iis  call  that  final  aoacnt  "midnight."  If  agreement 
exists  vben  the  midnight  bell  rings,  the  players  divide  the  gains  In 
the  vmy  they  have  agreed;  If  no  agreement  exists,  the  players  receive 
nothing. 

lext,  vhat  do  ve  mean  by  "agresi-ont;"  For  simplicity,  suppose 
that  each  player  keeps  (or  may  keep)  his  current  "Official"  offer 
recorded  In  tome  manner  that  vlll  be  visible  to  the  referee  when  tlte 
bell  rings.  Fsrhapa  he  keeps  it  vrltten  on  a  blackboard  that  the  other 
player  can  see;  perhaps  he  keeps  it  in  a  sealed  envelope  that  is 
surrendered  to  Um  referee  vhen  the  bell  rings;  perhaps  he  keeps  It 
punched  Into  a  private  keyboard  tliat  records  his  current  offer  In  the 
referee's  room.  When  the  bel.  rings,  the  blackboard  is  photographed, 
the  envelope  surrendered,  or  the  keyboard  locked,  •to  that  t^ie  referee 
only  needs  to  Inspect  the  two  "cun-ent"  offers  as  they  exist  at  ald- 
ai^t  to  see  whether  they  are  caaip>atlb]e  or  net.  If  they  are  coapatlble, 
the  g^ne  sire  divided  In  occoroance  with  the  "agTeenent" ;  If  the  two 
players  have  jointly  claimed  more  than  is  available,  "dlaagrcement" 
exists  sod  tbs  players  get  nothing.  (Defer,  for  a  aaaent,  ruling  on 
what  happena  if  the  two  players  together  h.ave  claimed  less  than  the 
total  avsllable,  wbethsr  they  get  as  such  as  the;,  lave  claimed  or  get 
nothing  for  lack  of  proper  agree*  ent.  And,  in  wlmt  follows,  It  will 
not  matter  wbethar  an  exhaustive  agreement  reached  before  uddnlght  -- 
I.S.,  ccmpatlblllty  of  the  current  offers  occurring  before  aldnlght  -- 
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t«rmlnat«i  the  0uat-) 

There  ere  other  v»ye  of  defining  "egrecaent"  in  term*  of  the 
operetione  by  vhich  it  ie  reeched  or  recorded;  but  if  ve  adhere  to  ti<e 
notion  of  a  eyMaetrical  move  structure  they  vlll  generally,  I  think, 
have  the  property  that  I  ac  trying  to  eingle  out  for  attention.  That 
property  is  this.  There  must  be  sooe  mintman  length  of  time  that  it 
takes  a  player  to  make,  or  to  change,  his  current  offer,  (for  siaplie- 
ity  again,  let  v^s  suppose  that  the  same  operation  either  makes  an  offer 
or  changes  it,  ac  that  vc  nay  always  assume  that  a  "current  offer" 
exists.)  There  must  then  be  sone  critical  mocoent  in  time,  a  finite 
period  before  the  mldnlglit  bell  rings,  that  is  the  last  moment  at  which 
a  player  can  begin  the  operations  that  record  his  final  offer.  ThAt  is, 
there  is  sone  last  oioinent  h'efore  the  bell  rings,  beyond  which  it  is  too 
late  tc  change  o.ne '  e  existing  offer-  Under  the  rules  of  ilm  game  and 
the  rationality  postulate  ootn  players  know  this.  And  by  the  rule  of 
syisaetry  this  moocnt  r.usi  be  the  same  for  both  players. 

frcKii  this  follows  tlve  significant  feature.  Tha  last  offer  that  It 
if  physically  pofi&ib.LC  .'or  s  player  to  make  is  one  that  he  necesaarily 
makes  without  kncvlng  what  the  other  player's  final  offer  is  going  to 
be;  and  the  last  offer  ttuit  a  player  can  make  Is  one  that  the  other 
jlay^T  cannot  i*oosibly  respond  to  in  the  course  of  the  game.  Prior  to 
that  penultloTite  musMnt,  no  offer  has  any  finality;  and  at  that  last 
moMDt  plsye-f  el*  her  cl.ange  or  do  not  change  their  current  offers,  and 
wlAtevcr  thsy  do  Is  done  in  ccmn^lete  Ignorance  of  what  each  other  is 
doing,  and  1b  fivAl. 

*Incidentally ,  tli«  argiaent  Is  unaffected  by  supposing  that  a  player 
can  ''tangc  his  offer  "instantaneously"  as  lor.g  as  we  keep  the  syMetrical 
rule  that  both  can  do  it  "equally  instantaneously"  as  the  final  bell  rings. 
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T^lt  Bust  b«  true.  If  either  pot  «  gllBptt  of  the  other's  final 
offer  in  tlae  to  do  anything  about  It,  or  If  either  could  give  the  other 
a  gllapee  of  his  ovn  final  offer  In  tlae  for  the  other  to  respond,  It 
vaa  not  --  and  Is  knovn  to  be  not  --a  final  offer. 

But  now  ve  have  reached  sui  leportant  conclusion  about  the  perfectly 
BOve-ayBMtrlcal  bargaining  gaas.  It  is  that  It  necessarily  gives  way, 
at  aeBS  definite  penultiaate  acBent,  to  r  tacit  (non-cooperative) 
bargaining  gas».  And  each  player  knovs  this.  The  aost  Infonsatlve  vay 
to  characterlae  the  gaae,  then.  Is  not  tnat  the  players  Bust  reach  overt 
ae^^eeaent  by  the  tlae  the  final  bell  rings  or  forego  the  revards  alto¬ 
gether.  It  Is  that  they  Bust  reach  overt  agreeaent  by  a  particular  (and 
well  Identified)  penultlaate  suaent  --  when  the  "vamlng  bell"  rings  -• 
or  alee  play  the  tacit  gssK  with  the  saae  payoff  natrix. 

Bach  player  Bust  be  asovaad  to  knov  this  and  nay,  if  he  vlshes,  by 
oi^tly  avoiding  evert  agreesKnt,  elect  to  play  the  tacit  gam  instead. 

80  If  ve  assune  for  the  moment  t^at  the  tacit  ^-ane  has  a  clearly 
recognised  solution,  and  that  the  solution  1b  efficient,  each  player 
has  a  pui^e  alnlBax  behavior  strategy'  during  the  earlier  stage.  Either 
can  enforce  this  tacit  solution  by  abstaining  froni  sgTeeaent  until  the 
vamlng-bel]  rings;  neither  can  achieve  anything  better  frcei  a  rational 
oppooent  by  verbal  bargaining. 

FroB  this  It  follovs  that  the  solution  of  the  cooperative  gaae  oust 

« 

There  Is  s  Bechanical  assumption  lere  t^at  in  the  process  of  aaklng 
a  new  offer  one  can  stop  and  start  over.  The  case  is  slightly  none 
coaplleated  if  an  offtr  started  one  and  one-half  minutes  before  midnight 
ia  Mceaaarlly  the  last  offer  beesuse  the  process  cannot  be  s*^rted 
•#ain  until  a  sdnute  has  passed  and  by  tlen  the  critical  ;oint  has  been 
paeaed.  This  eaaa  vlll  ba  locked  at  atmln  belov. 
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be  Identical  with  that  of  the  correapondine  tacit  ffaae ,  If  the  latter 
haa  a  predictable  and  efficient  aolutlon.  It  auat,  becauae  the  tacit 
gaae  cones  aa  an  Inevitable,  oechanical  aequel  to  the  cooperative  (^ane. 

At  th^a  point  it  looka  aa  though  the  cooperative  feature  of  the  gaae  la 
Irrelevant;  the  players  really  need  not  show  up  until  11:59,  In  fact 
they  do  not  need  to  ahov  up  at  all.  The  "preplay  ccaanintcatlon"  and 
abll.ty  to  reach  "binding  a^reenanta,"  vhlch  vara  Intended  to  cbaracter- 
Ixe  the  gaae,  prove  to  be  Irrelevant;  the  "cooperative  gaae"  ae  a  dlatlnet 
gaae  froa  the  tacit  gaae  does  not  exist. 

But  this  conclusion  la  unwarranted.  First,  a  tacit  gaae  aay  not 
have  a  confidently  predicted  efficient  solution.  More  than  that,  certain 
details  of  the  cooperative  gaaa  tliat  alght  have  seeaed  to  be  Innocuous 
froa  the  point  of  view  of  explicit  negotiation  aay  affect  the  character 
of  the  tacit  gane;  similarly,  preplay  coeaninlcation  that  has  no  binding 
effect  on  the  players  themselves  aay  also  affect  the  character  of  the 
tacit  gaae.  Just  for  example,  consider  the  following  variant  to  the 
cooperative  rane . 

Instead  of  saying  that  the  players  may  divide  a  set  of  rewards  If 


In  his  1^3  article,  "Twc-person  Cooperative  Games,"  J.  f.  Wash 
presents  a  model  that  is  explicitly  tacit  in  its  final  stage.  The 
model's  relation  to  the  cooperative  gaae  was  heuristic:  it  was  to 
help  to  dlsco^’sr  what  might  constitute  "rational  expectations"  (and 
hence  the  indicated  rational  outccas)  In  the  corresponding  coop>era- 
tlvs  game.  The  ait-uaent  of  the  present  paper  is  that  tlic  relation 
is  likely  to  be  smchanical  rather  than  intellectual  if  a  symstrical 
taove-strjcturs  is  atrlctly  adhered  to,  and  that  with  strict  syaaetry 
it  is  difficult,  perhaps  impossible,  to  define  the  corresponding  non- 
tecit  that  was  the  ultimate  subject  of  study,  (lash.  Icon  at  tries, 

Vol.  21,  pp.  12^-140.) 
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th«y  can  reach  agreemnt  on  an  exi^auativt  division,  Itt  us  ssy  that  the 
players  aay  divide  a  set  of  rewards  to  the  extent  that  they  have  readied 
agrteaent  on  a  divlsioo;  they  nay  divide  such  portion  of  t^e  available 
rewards  as  they  have  already  reached  agreeaant  on  by  the  tiae  the  bell 
rings.  If,  for  exaaple,  there  are  one  hundred  Indivisible  objects  anc 
they  have  reached  ao^eeaent  on  how  to  divide  eighty  of  theai  vhen  the 
bell  rings,  the  twenty  Iteas  In  dlejutc  revert  to  the  house  while  the 
eighty  on  which  sgreeaent  was  reached  will  be  divided  In  accordance 
with  the  agrecaent.* 

Now,  in  the  cooperative  case,  If  we  rad  already  concluded  there 
wae  an  efficient  solution  to  this  ^-asle  --  l.e.,  tlat  tie  players  would 
In  fact  reach  an  exhaustive  Ufrceoer.*-  we  c.tould  ^.robably  lave 
considered  this  reforaulatlon  of  the  p  rot  lee  Inconeequer.tlsl .  It  only 
saye.  In  effect,  that  barnalnlnp  should  take  the  font  each  ]La>Tr'6 
writing  down  the  totality  cf  hit  clalB  and  tlat  conccKtiono  erali  take 
the  fom  of  each  rlajTr'a  deleting  I'cns  free  lls  11s.  ol  ciwljra,  vl*h 
full  agreeaent's  being  reached  wher.  nc  r/ rc  I’eaa  are  in  crnfllct  or. 
the  lists  of  clalBB  .  But  when  w»  lock  a*  the  'Acit  case,  *  he  rsire  Is 
drastically  altered  by  this  rcforsuln*  1  n .  TT.e  ‘.aclt  ►-asw  ocv  huis  q 
perverse  Incentive  struct..re  .  Tlere  la  ratiorial  reasoi.  fer  elt.her 
player  to  deaand  less  than  the  whe Ir  cf  the  available  rcwnrC;  each  tn^ww 
this  and  knows  that  the  other  kna/s  it  7h.ere  Is  1  nceiti.e  tc  reduce 

*In  the  case  of  a  single  dl\lslble  l  ec*  like  neney,  *  he  'orres-^r.d- 
Ui  rule  alglit  be  that  they  divide  the  money  Ir.  accordance  with  their 
offers  after  the  house  has  reaoved  the  "f  .-erla,  ”  Flacl.  'layer  or  tains 
as  BUCh  as  the  other  lapllcl’ly  acc  rds  Ms,  If  cne  :t  decuir.'l  1  n,.  ''  .er 
cent  of  the  Boney  at  the  end  of  ‘he  gare  ,  ar.d  ‘he  -‘e:  ‘  ercr:/  ,  t;  e 
second  has  been  accorded  3“^  percen*  and  ’le  firs'  -•  eren.t,  'lese 
saounts  art  outside  *^he  rar.»;e  of  dleputc  and  c.nctltutc  tl<  ’’•Vt  decr.er.'  . 
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one's  claia  because  any  residual  dispute  costs  the  player  no  eore  than 
he  vould  lose  If  he  reduced  his  clalM  to  ellAlnate  the  dispute.  The 
single  equlllbrlua  point  yields  rero  for  both  players.  Thus  the 
variant  gaae,  which  seeaed  to  differ  Inconsequentially,  is  drastically 

different  fren  the  ori^’inal  but  it  does  not  appear  so  until  ve 

s 

have  identified  the  terminal  tacit  ^^aae  ati  a  dcsilnatlnf  Influence. 

To  take  another  example,  suppose  there  are  100  individual  objects 
to  be  divided  and  that,  although  they  are  fun^-lble  as  far  as  value  is 
concerned,  the  a^'reement  must  apeclfy  precisely  which  individual  items 
to  which  individual  players.  If  the  rules  require  that  full  and 
exiaustlve  apreesmnt  be  reached,  then  in  the  tacit  the  players 

are  dependent  cn  their  ability  not  only  to  divide  t>ie  total  value  of 
tla  objects  In  coordinated  fashion  bu*  t'>  sort  out  the  100  liidlvldusl 
objects  into  *vc  ylles  in  Iden’li-al  fsstlon.  If,  then,  one  of  the 
Players  las  deaanded  specific  I’ems  worth  'iC  percent  t  f  the  to'^al  and 
th.e  o'her  t  layer  raa  refused,  the  former  las  an  advantage  in  the  tacit 
.  arae  .  Tl'.e  only  extant  ^ropcsal  for  dividing  the  IOC  objects  is  the  one 


• 

It  ml  ol*  i^em  t.ha*  we  can  draw  s  fcy-;roduct  f  roc  the  analysis  here, 
namely,  '  ol  se  rva*  1 ''n  In  order  to  se  *  up  a  "truly"  cooperative 

(n  n  ‘a^It)  ^scc  ,  ’he  le,.'al  definition  cf  a^'reement  must  be  such  at  to 
raakp  ‘  ul’lan'e  ’aclt  .-ane  rerverse  .  sc  *hat  the  'layers  must  reach 
Mndln,  srreeoer.t  tefore  '  *a  wsmin,.-  tell  or  suffer  complete  loss.  But 
"'•are  is  still  h  'roblr*.  Assimlni.  *ha*  tte  'flayers  theaselvss  can 
define  "a,  reemen*"  f  r  ;ur’,  cses  I'  s.-reeaen*  ;  rlor  to  ths  final  ball, 
and  that  fe  jerverae  rule  only  r'^vems  *  he  definition  of  "aptreeaent" 
a’  tentlna’lon  If  no  :rlor  e.'reenent  exls's,  we  must  now  provide  (or 
assume  the  layers  to  ;rovlde)  an  cjera’ioral  definition  of  agreement. 
If  It  Is  like  our  earlier  deflnl’ltr,  all  they  accomplish  is  to  make 
the  -lervcrse  cooperative  game  ln*o  a  l-enlvn  cne  ,  one  minute  storter, 
which  Is  equivalent  to  a  tacit  rJuse  two  minutes  shorter  than  the 
orlglr*al,  sind  the  solution  to  the*  'acl*  »ame  cove  ms  if  it  is 
confidently  foreseen  and  efflclen*  . 
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p^Myr'B  •peclflcatlon  of  60  that  would  satisfy  him;  the  chancee  of 
thtlr  concartlng  Identically  on  any  other  dlvlelon  cf  the  100  cbjecta, 
equal  or  unequal  between  thea,  nay  be  so  aaall  that  they  are  forced  for 
the  aake  of  agreement  Into  accepting  the  only  extant  proposal  in  spite 
of  lie  blaa.  Tl-us  preplay  co«a;unlcatlon  has  tactical  significance  In 
that  It  can  affect  the  means  of  coordination  once  t'^.e  tacit  stage  of 
the  gaae  has  been  reached . 

If  now,  in  considering’  the  tac'lcal  Inp  Ilea 'ions  of  ti  is  last  ;  'Int, 
we  Insist  on  a  rule  of  s/reaetrlcal  beiavior,  we  nrjst  conclude  that  if 
either  player  opened  his  mouth  to  drovn  cut  wiat  the  other  was  about 
to  say,  he  would  always  find  the  othar  j  Layer  alao  with  his  aouth  open, 
both  knowing  that  if  either  spoke  tia  other  would  be  found  to  be  s^aak- 
Ing,  naltbar  abla  to  laar  the  other,  and  so  on.  In  other  words,  the 
aaeuBptlon  of  coanplete  sywaetry  of  behavior  as  a  recognlied  foregone 
cooelusioc  aeeaa  to  preclude  the  very  kind  of  action  that  might  ‘ava 
eeaaad  to  enrich  the  at  the  stage  of  p re;  lay  cocvunlcatlon . 

But  by  now  wt  have  certainly  pressed  the  perfect  move -sy*ie»rl cal 
0HBi  as  far  aa  is  worthwhile.  We  could  --o  cn  *0  enalyie  trls  gaor  in 


a 

One  derail  aey  be  wort!'  pursuing’,  in  line  with  an  earlier  fo  ’note 
Buppoec  that  it  takes  cxm  minute  to  uake  or  crang'e  aj^.  i.ffer  and  (in 
caatraet  to  the  earlier  version)  that  the  process  of  recording  a  new 
offer,  once  started,  cannot  be  stoppled  oefore  it  is  cxapleted.  Under 
thla  procedure,  any  offer  Initiated  during  the  next  to  laat  minute  cf 
tha  la  one's  flnel  offer.  If  this  fine!  offer  cannet  be  cGaasuni cated 

ta  the  other  player  before  the  expiration  of  the  elnute,  the  gaae  is 
eaeentially  the  seas  aa  before,  ”sljn;ltaneous''  now  means  within  a 
■iBWte  of  each  other  for  practlcel  purposes,  and  again  neither  can  see 
the  ether's  flaal  offer  aa  be  initiates  his  own,  no  matter  what  t^ne  curing 
the  flaal  miaute  the  offers  are  initiated.  But  suppose  one  punches  his 
Offkr  Inta  a  vlalblc  board  which  remains  locked  for  one  minute  wr.ile  tr  e 
offer  la  rtcorded,  to  that  the  other  player  can  see  one’s  offer  in  a  feg 
■acooda  although  ona  cannot  Initiate  a  cItmju-t  until  the  minute's  delay  is 
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Hiore  detail,  conaiderlnf  such  tl.lngs  as  alternative  vays  of  tanainAtlnf 
the  fc-ane  or  ol  deflnln.#:  "afx«e®en*  , etc.;  It  seena  more  worthwhile, 
hcpvever,  tc  raise  at  this  point  the  question  of  wl^tlier  tr^  pei*fectly 
"mo'.’eieii  or  "don e -i^-iaBe tr leal"  it  a  ;ro:ltahle  one  to  L.tuay.  Ib 

the  nondl tcrialnatory ,  move -aynaie tr leal  tnae  a  ".'eneral"  gaae  ,  one  ti^t 
rets  away  froE  tpeclai  cases. '  Or  Is  It  a  sf^ciai,  limiting  cate  In 
which  the  ruost  ln*erest\nr  a3;ectt  of  tne  -ocpcratl /e  .jotj^  ha.e  vanished? 

I'  ahc-.lo  :e  erptJirlict  tr-i*  the  frolt!*'jl  alternative  to  8;'rr:etr';,  Is 
not  the  asEuaptlcn  of  as  .'tBcetr;' ,  h  :t  Just  r.or.^ vTaac try ,  adr-lttlnr  both 
aymetry  ar.l  as.mctr>  ai  t  "^sslbl  1 1  ties  without  he'.nf  cocnltted  to  either 
ab  a  fereyone  or.:  1  os  1  or. 

kr.  lll^s'ratKn  rAy  help  ii-^ppese  we  were  to  nnalyre  the  ,-c.ta  In 
wni^‘  ’"icre  Ic  t'.OC  at  the  en’  of  the  roa-t  for  t.'-.e  player  who  ran  ^et 
t.-ere  firs*  .  T.‘ It  .nae  of  skll*  Is  not  y^rd  to  ana.yrc'  tr.e  money  poet 
to  '  e  Itstest,  t«arrl  nr  accidents  and  randc*  elements.  We  can  predict 
rational  behA.lor  (n-nnln^)  and  tl;e  outcoaie  (money  to  tne  fastest)  Tlet 


up.  I:,  tils  case,  If  tie  two  offers  di:r.r.r  that  flna>  minute  are  not 
s'rul’anemjs  .  ‘he  :  layer  w‘ r  roves  second  makes  his  final  offer  In  full 
knowlecre  of  tt.e  other's,  and  since  Is  oiuy  chance  of  winnin*.’  anytr  lor 
le  ac“ep*  It  nufl’  c«  -  r  •  w‘a*ever  ’re  ''’her  h**  offered.  Tlius 

"second  move  losea  If  tne  rirst  mover  knows  ttat  the  other  Is  waltin*. 

We  TOW  .’■ave  a  caee  ra’-  te  caracterl  ted  as  '’n.lcws:  *  •'e  ’’layert 

dai^y  around  for  rours  mlnu’-es  ana  irer  p.ay  a  waar  lastinf.  ooe 
5-'’'\’te,  ’"-Is  vane  allcwlr.»  eacn  player  ooe  and  only  'ne  offer  whlcf  h.e 
can  make  a*  any  time  during  •  r>e  minute.  rr.la  ^’ame  offers,  in  effect, 
three  s’ra’eclee  *o  a  rlaver,  namely,  (i)  aasume  *  he  c’her  will  wait, 
and  demand  W'  percent,  (w)  ass  rae  ooth  vii..  laake  s haul ’ancous  offers, 
arrt  lenand  wrjttf\er  Is  Indlca’el  riv  ’‘'e  ”^aclt"  ■.’aae ;  (^)  wait.  If  ooth. 
wait,  the  cazm  Is  itl*i  to  be  played.  If  there  Is  a  finite  numoer  of 
potential  ■'waits,"  we  rave  stratewl**e  of  wa  1 1 -once  -  then -demand percent , 
wal  t -once- ttien -demand -ta~l  •  -solution,  walt-twice-demanc.-  /v-percent ,  walt- 
twl ce - demand - ’a^l ’- sol  ut 1  on  e*r.  Ttls  paae  (the  "tacit  supergame"  con- 
Blstlnw  of  all  strateflea  for  playlnp  the  one-minute  .vmaie  )  la  tnen  tta 
waae ,  and  It  ^as,  If  we  with  to  ac-ep*  1*,  Its  owr.  "solution  In  the  strict 
sense”  whim  c  nslsts  of  all  etrateples  (all  lenft.^.a  of  waits)  thmt  end  In 
deaan'ls  ♦‘■at  c'rrespond  to  the  solution  cf  the  *aclt  k’suae . 
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vlll  occMloimlly  occur;  but  th«y  vlll  occur  at  tha  and  of  a  race  and  vlll 
■ot  ba  takan  for  granted  at  tba  outaat.  Ua  naad  an  auxiliary  rule  to 
cover  tiaa,  but  It  vould  not  doalnata  either  the  ramm  or  .ha  analysis. 

Conaldar  tie  saBS  gaaa  played  in  a  population  In  which  everybody  can 
run  exactly  as  fast  aa  anybody  else,  and  everybody  knows  It.  low  what 
happena?  Every  race  ends  in  a  tie,  so  the  auxiliary  rules  Is  al ;  that 
■attere.  But  since  a  tie  is  foregone  conclusion,  why  would  they  bother 
to  nm? 

Ttm  perfectly  aoved-syMStrlcal  cooperative  Kaae  seeas  a  little  like 
that  foot  race.  Barga^nlnf  In  the  one  caae  is  as  unaval  Mop  as  lo^  -vork 
It  the  other;  every  player  kncars  In  advance  tlat  all  a>.ves  and  tactics 
are  foredooaed  to  neutral  list  Ion  by  the  syeeietrlcal  pv>tentlall*  les  avail¬ 
able  to  hla  opponent.  The  Interestlnp  tleaents  tljat  we  nipht  Inject  In 
the  bargaining  gaae  are  aeanl ageless  if  perfect  syranetry,  and  Its  acceptance 
ae  Inevitable  by  bott  plaj'ers,  are  Isrpoaed  or  ‘he  paae  by  its  definition. 

Vhet  should  we  sdd  to  the  gsaie  to  enrlcl  It  If  th.e  sssuvptio.o  of 
•ynetry  is  dropped’  There  are  oany  "acves"  t'^st  are  cfter.  available, 
but  not  neceaaarlly  equally  available  tc  b^lh  players,  \r.  actual  gaiae 
situation.  "Movts"  would  Include  coaml ’jsen’ s ,  ’treats,  pronlses;  tairperlap 
iflth  the  eaaeunlcatlon  s/atea;  Invocation  :f  ^erialtief  on  proalsos,  conalt- 
aenla,  and  threats;  conveyance  c.'’  true  i nf oroa t  l  :n ,  se  1  f -  .de n ’  1  fl  at  .on, 
and  the  Injection  of  contextual  lelaH  tre*  jji j  ~  ex,<^fc  *.atlr r.i , 

partlculSLrly  when  coHunication  Is  incoaplete. 

To  Illustrate,  suppose  It  tha  earlier  cooperative  yiuse  •  .er»  Is  • 
tumstlls  that  pereita  a  player  to  leave  but  not  tc  retun  ,  -.is  c-urrent 
offer  aa  he  goes  t..rojgl  the  turnstile  n«  or.  tbe  bocV.s  jnMl  ^‘e 

ball  rings.  we  have  a  aeant  cy  which  e  piayar  car  aake  a  ’’final" 
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cffer,  a  "cc3B»lt»ent;"  vhoavtr  cma  rtcord  an  offer  favorabla  to  hlmaalf 
and  knovn  to  the  other,  and  leave  the  rooa,  haa  the  vlnnin^  teetic.  Of 
courae  it  aay  win  for  either  of  thca;  but  thia  eay  eean  that  we  end  up 
with  aoaethinf  like  a  foot  race,  and  the  cxm  cloaeat  to  the  tumatila  vine- 
By  analytlnf  the  tactic,  and  ita  inati tutional  or  phyeical  arran^reaanta , 
we  eay  dateraine  who  can  eake  firat  uae  of  It. 

We  have  not,  it  rbould  be  noted,  converted  the  paae  of  atratei^  into 
a  paae  of  aklll  by  letting  ttiea  race  for  the  tumatile.  It  reaalxM  true 
that  one  wina  when  he  (^ta  to  the  tumatile  firat  only  through  the  other 'a 
cooperation,  only  by  conatrainlnp  the  other  player 'a  choice  of  atrategy. 

He  doea  not  vin  legally  or  phyalcally  by  going  t^J*oueh  tie  tumatile;  he 
wina  atrategically .  He  aakaa  the  other  player  chooae  in  hla  favor.  It  la 
a  tactic  in  a  gauee  of  atrategy ,  even  though  the  uae  of  It  eay  depend  00 
skill  or  locational  advantage. 

We  can  even  put  a  certain  kind  of  eye«etry  Into  the  t’aae  now,  without 
dea*royln.  It;  we  car.  flip  a  coin  to  aee  who  la  nearest  tha  tumatila  when 
the  f'aaae  begins,  or  lat  the  players  be  elaiilarly  located  and  aimllar  of 
■  7«ed  but  with  randoa  cleaanta  to  determine  who  geta  to  the  tumatila 
firat.  Though  th^  gaam  la  now  non-dlacrladnatory ,  the  outcome  would  still 
be  aayaatrl cal  cause  each  player  haa  an  incentive  to  run  to  tha  tum- 
atlie,  leaving  behind  a  standing  offar  in  hla  cwn  favor. 

We  can  Include  some  risk  of  "tie,"  eaneclally  If  there  are  two 
turnatllea  and  the  nlayera  might  go  to  them  almultmneouely .  This  conatl- 
tutea  "synetry"  as  an  Intereatlng  poasiblllty,  but  not  aa  a  foregone 
conclusion;  stalemate  and  the  anticipation  of  it  became  Interesting 
pcaalt 1 11  ties  if  the  actions  and  Information  structure  are  In  fact 
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cooduelTe  to  ties.  But  with  ooc-syMetry  as  our  philosophy,  ve  do  not 
a— d  to  be  obsessed  vlth  the  possibility  of  ties. 

Aceln,  if  one  player  can  aake  an  offer  and  destroy  coHunication ,  he 
■ajr  thereby  vln  the  ensuing  tacit  gtae  by  having  provided  the  only  extant 
offer  that  Loth  players  can  converge  on  when  they  badly  need  to  concert 
their  choices  later  during  the  final  tacit  stage.  To  be  sxire,  we  can 
eonaider  what  happens  when  identical  capacities  for  destruction  of  coa- 
■uoieatioB  arc  present,  and  both  players  eust  recogniie  that  they  eay 
slaaltaasaualy  destroy  coMunication  without  getting  acssages  across;  but 
this  interesting  case  seems  to  b«.  s  special  one,  not  the  general  case. 

In  swMary,  the  perfectly  "moveless*  or  "move-syaaetrical*  cooperative 
pmm  is  not  a  very  fruitful  ons  to  study,  but  irataer  s  lljaiting  case  that 
■ajr  datfsnsxate  into  an  ordinary  tacit  f^ms.  The  cooperative  game  is  rich 
ami  msaningful  ool^  when  "moves*  arc  admitted;  and  even  much  of  the 
significance  of  the  moves  vill  vanish  if  coaplete  syarntry  in  the  avail¬ 
ability  to  the  players  is  sta^>ed  into  the  definition  of  the  game.  It  is 
tba  moves  that  are  interesting,  not  the  game  without  mores;  and  it  is  the 
poimmtisl  aaymMtry  of  the  moves  that  makes  them  significant. 

Part  II 


lyMetry  is  not  only  coMonly  imposed  on  the  now -structure  of  ^sjses 
but  aiduced  as  a  plausible  characteristic  of  the  solution  of  the  gaae  or 
of  the  ratlooal  behavior  with  which  the  solution  nust  be  consistent.  Bash's 
theory  of  the  two  person  cooperative  game  explicitly  postolates  sywaetry, 
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M  doe*  BAraanyi'*.  The  ayvMtry  po«tul*te  1*  certaioly  expedient;  it 
often  pemits  one  to  find  a  "*01111100"  to  *  gaae  and  to  *tay  --  if  be 
vl*he*  to  •-  vlthin  the  reala  of  aatheaatic*.  There  are  fev  aiailarly 
potent  concept*  that  ccaipete  vitb  it  a*  ba«e*  for  *olTln4  a  gaae.  But 
the  Ju*tif ication  for  the  ayawtry  poatulate  ha*  not  been  Juat  that  it 
lead*  to  nice  reaulta;  it  ha*  been  Juatified  00  ground*  that  the  contradic¬ 
tion  of  *yi**etry  vould  tend  to  contradict  the  rationality  of  the  tvo  player*. 
Thi*  i*  the  imderp inning  that  I  want  to  attack. 

What  I  aa  going  to  argue  i*  that  though  aywatry  i*  conMiatent  vlth 
the  n-tionality  of  the  player*,  it  i*  not  poaaible  to  deaonatrate  that 
aayaaetry  i*  inconsiatent  with  their  rationality.  I  ahall  argue  that  the 
identification  of  ayaaetry  vlth  rationality  conatitute*  "lapllclt  theorizing" 
vlth  non-operat]onaI  concept*.  I  then  vant  to  offer  vhat  I  think  i*  an 
arguaent  in  favor  of  aywetrical  aolutlon*,  which  tend*  to  aake  it  but  ooe 
of  aany  potential  influence*  on  the  outcoae  with  no  prlaa  facie  clala  to 
pre-eminence  . 

Explicit  atateaent*  of  the  relation  between  ayvBetry  and  rationality 
have  been  given  by  John  Haraanyi .  He  aay* ,  "The  bargaining  problem  ha* 
an  obvlou*  determinate  aolution  In  at  least  one  special  case;  viz.,  in 
situation*  that  are  cospletely  aywetric  with  respect  to  the  two  bargaining 
parties.  In  thi*  case  it  i*  natural  to  asauae  that  the  tvo  parties  will 
tend  to  share  the  net  gjiin  equally  since  neither  would  be  prepared  to  grant 

•  It  is  not  always  clear  whether  ayvaet  leal  behavior,  as  prescribed 
for  exa^le  in  the  earlier  quotation  fraa  Barsanyl ,  is  to  be  considered  * 
rule  of  the  gaav  under  analysis  or  a  behavior  postulate  separate  froa  the 
definltioD  of  the  gaae;  but  for  the  purpose  of  the  present  argwnt  it 
will  not  Batter. 
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th«  tthar  better  t* **rm»  thao  th«  latter  would  graat  him.*  In  a  later  paper 
ba  raftra  to  tha  ayimmtxy  axloa  aa  the  "fundaatntal  poatulate"  and  aayf, 
vdijr  tha  aaaxaqrtion  underlorln^  thla  axlcm  la  that  a  rational  bar- 
pdaar  will  not  axpact  a  rational  opponent  to  grant  larger  conceatlona 
than  ba  voald  aaka  hljaaelf  under  aiallar  conditions." 

■ov  tbia  "Intuitive*  formdatloc  Involves  two  postulates,  first,  that 
one  bargalaar  will  not  concede  nore  than  be  would  expect  to  get  if  he 
Mttlf  ware  in  tha  other  position.  Second,  that  the  only  basis  for  his 
axpaetatloo  of  wbat  be  would  concede  If  he  were  In  the  other  poaltion  Is 
bia  pareaption  of  a/Mstry. 

Tba  Intuitive  foxmlatlon,  or  even  a  careful  fornulation  In  psychological 
tana,  of  what  it  la  that  a  rational  plaorer  "expects”  In  relation  to  another 
imtlonal  player,  poaas  a  problea  In  sheer  scientific  description.  Both 


*  John  C>  Haraaoyl,  "Approaches  to  the  Bargaining  Problan  Before  and 
After  tba  Theory  of  Qaass;  A  Critical  Discussion  of  Zeuthen's,  Hicks',  and 
■Mb's  Thaorlas,*  Iconoastrlca ,  Vol.  2U ,  Ho.  2,  April,  1996,  p.  1^7-  He 
foaa  on  to  aay,  *For  inalanea,  everybody  will  expect  that  two  duopollsts 
with  tba  saas  coat  ftmctlrma,  site,  mrlLet  conditions,  capital  resources, 
ftraonalltlas ,  etc.,  will  reach  an  agrecnent  giving  equal  profits  to  each 
of  tbaa.” 

**  The  full  quotation  deserves  to  be  given;  *Vhat  the  Zeuthen-Ilash 
throay  of  bargaialag  essentially  proposes  to  do  is  to  specify  what  a.w 
tba  asqpaetationa  that  two  rationsil  bargainers  can  consistently  entertain 
M  to  aacb  other's  bargaining  strategies  if  they  know  each  other's  utility 
fMatlona.  Tha  fundaaantal  ;K>atulate  of  the  theory  is  a  s>'aBetry  axloa, 
ahieb  atataa  that  tha  functions  defining  the  two  parties'  optiaal  strategies 
in  taraa  of  tba  data  (or,  equivalently,  the  functions  defining  the  two 
fartlaa*  final  payoffs)  have  the  saae  ■athemtical  fom,  except  that,  of 
ooursa,  tba  varlablea  associated  with  the  two  parties  have  to  be  inter- 
chnacad.  Intultivaly  tha  aas\«ptlon  undai  o^ing  this  axloa  is  that  s 
imtional  bargainer  will  not  expect  a  rational  opponent  to  grant  hln  larger 
eoaeaaaiaoa  than  ba  would  aakc  hlaaalf  under  similar  condltioos.” 

■aroaoyl,  "Bargalnlx^g  In  Ignoreuice  of  the  Opponent  's  l/tillty  func¬ 
tion,*  Cosrlaa  FaunAatlon  Discussion  ^per  Ho.  ,  December  11,  1957- 
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plA7«r»,  being  rmtlonnl,  ■uat  recognltc  that  the  only  kind  of  "rational” 
expectation  they  can  have  la  a  fully  ahared  expectation  of  an  outcone.  It 
ia  probably  not  quite  accurate  --  aa  a  deacrlption  of  the  paychologlcal 
phenoaenon  --to  aay  that  one  expecta  the  aecond  to  concede  acaethlng  or 
to  accept  aoaa thing;  the  aecond 'a  readlneaa  to  concede  or  to  accept  la 
only  an  expreaalon  of  vhat  he  expects  the  first  to  accept  or  to  concede, 
vtilch  In  turn  la  vhat  he  expects  the  first  to  expect  the  second  to  expect 
the  first  to  expect,  and  so  on.  To  avoid  an  ”ad  Inflnitia”  in  the  descrip¬ 
tive  process ,  ve  have  to  aay  that  both  sense  a  shared  expectation  of  an 
out  coat;  cza's  "expectation”  Is  a  belief  that  both  Identify  the  saas  outcoae 
as  being  Indicated  by  the  situation,  hence  as  virtually  inevitstkle.  Both 
players,  in  effect,  accept  a  coaaon  authority  --  the  poaer  of  the  gaae  to 
dictate  Its  ovn  solution  through  their  intellectual  capacity  to  perceive 
It  --  and  vhat  they  "expect”  Is  that  they  both  perceive  the  seas  solution. 


*  Yleved  In  this  vay,  the  Intellectual  process  of  arriving  at  "rational 
expectationa”  in  the  full -coHunicat ion  bargaining  gane  is  virtually  iden¬ 
tical  vlth  the  intellectual  proceae  of  arriving  at  a  coordinated  choice  In 
the  tacit  gaae.  TUe  actual  solutions  might  be  different  beesose  the  gaae 
contexts  sd4(ht  be  different,  vlth  different  suggestive  details;  but  the 
nature  of  the  tvo  solutions  seeas  virtually  Identical  sines  both  depend  on 
an  agrsaasnt  that  Is  reached  by  tacit  consent.  This  is  true  because  the 
explicit  agreeaent  that  Is  reached  In  the  full -coaBBil  cat  ion  gaae  corres¬ 
ponds  to  s  priori  expectations  that  vs  re  reached  (or  in  theory  could  have 
been  reacHed)  jointly  but  Independently  by  the  tvo  players  before  the  bar¬ 
gaining  started.  And  It  Is  s  tsu:lt  "agreeaent”  in  the  sense  that  both  can 
hold  confident  rational  expectations  only  if  both  are  avare  that  both  accept 
the  Indicated  solution  In  advance  as  the  outcoae  that  they  both  knov  they 
both  expect.  ^Aoy  serious  (oon-rltuaUstlc )  stteapt  to  get  aore  than  this 
solution  could  alaost  be  described  as  ”vilful  breach  of  contract"  If  It 
occurs  on  the  part  of  a  rational  player  vlth  rational  partner^/ 

There  Is  s  qualification  to  this  point.  With  full  Information  about 
each  other's  value  systssu  azul  s  homogenous  set  of  gains  to  be  divided, 
there  aay  be  an  Infinity  of  equivalent  solutions,  all  yisldlng  ths  same 
values  to  the  tvo  plsyers,  but  no  difficulty  In  agreeing  on  an  arbitrary 
choice  among  thli  Indifferent  set.  But  tacit  bargaining  often  requires  s 
further  degree  of  coordination,  oaasly,  s  coordinated  choice  even  among 
equivalent  divisions  of  the  gains.  Ifegotlstlon  over  a  boundary  line  in 
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Li  th«M  t«rM  the  first  (explicit)  pert  of  the  Barseayl  hypothesis 
■i^bt  be  rephrased:  that  there  Is,  In  any  bargain Ing-gwar  situatlcn  (vlth 
perfect  Infoimtlon  about  utilities),  a  particular  outcome  such  that  a 
rational  player  on  either  side  can  recognlte  that  any  rational  player  on 
either  side  voxild  recogniie  It  as  the  Indicated  *  solution”.  The  second 
(implicit)  part  of  the  hypothesis  is  that  the  psu^lcular  outcoae  so  recog¬ 
nised  Is  determined  by  natbesMtical  syvsetry.  The  first  we  might  call  the 
"rmtloaal-solution*  postulate;  it  is  the  second  that  constitutes  the 
"•/■wtry**  postulate. 

The  question  to  be  explored,  nov,  is  whether  the  sysstry  postulate  is 
derlTsd  from  the  players'  imtloziallty  --  the  rationality  of  their  expecta¬ 
tions  -•  or  must  rest  on  other  (perhaps  eig>irical)  grounds.  Additionally , 
If  It  rests  on  othsr  grounds,  vhat  ars  they  and  hear  firm  ia  the  support? 

To  pursue  the  first  qusstlon,  whether  syawtry  can  be  deduced  frem  the 
ratismallty  of  the  players'  expectations,  we  can  consider  the  rationality 
of  ths  tvo  players  Jointly,  and  Inquire  whsther  a  Jointly  expected  noo- 
aymmstrloal  outcosw  cootradlcta  the  rationality  postulate.  If  tvo  players 
oomfldantly  believe  they  share,  and  do  share,  the  expectation  of  a  parti¬ 
cular  outcome,  and  that  outcome  ia  not  aymsetrical  in  a  mathematical  aenae, 
cam  «•  demonstrate  that  their  expectations  were  irrational,  hence  that  the 
imtlomallty  postulate  is  contradicted?  Specifically ,  suppose  that  two 

hnmn#inmie  territory  la  thus  different  from  the  siimltaneous  dispatch  of 
troops  to  take  up  positions  rsprssenting  "claims”;  such  claiaa  say  overlap 
■■A  earns#  trouble  even  though  the  terrain  values  claimed  are  consistent, 
ftea  tjM  coordination  problem  Is  different;  and  there  Is  no  a  priori 
assurance  that  the  solution  to  *iae  tacit  gsme  (or  to  gasses  wTthTomvwtmt 
iaesiVlsta  eommaaleatlon.  Information,  etc.)  would  be  In  the  set  of  equl- 
falamt  aalutlons  to  ths  fully  explicit  gams. 
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playvrt  any  have  $100  to  dlride  m  aooD  aa  they  a^rae  axpUeltly  on  bov 
to  dlTlde  It;  and  they  quite  readily  a^ree  that  A  ahall  bare  $8o  and 
B  ahall  have  $20;  and  w«  know  that  dollar  aaounta  in  thla  partlexdar  caae 
are  proportionate  to  utilltlea,  axvd  the  playcra  do  too:  can  ve  deaooatrate 
that  the  playera  hare  been  Irrational? 

We  Biiat  be  careful  not  to  sake  ayMetry  part  of  the  definition  of 
rationality;  to  do  so  vould  destroy  the  e^irlcal  relevance  of  the  theory, 
and  einply  eake  eyBetry  an  independent  axioa.  We  auat  have  a  plaualble 
definition  of  rationality  that  doee  not  aention  eyanetry,  and  ehov  that 
asyMetry  in  the  bargaining  expectations  would  be  inconsistent  with  that 
definition,  for  our  present  pxxrpose  ve  aust  suppose  that  tvo  plajrere  hare 
picked  $d0  and  $20  by  ag;reeaent,  and  see  vtiether  ve  can  ident’  .*y  any  kind 
of  intellectual  error,  alsfuided  expectations,  or  disorderly  self-interest, 
on  the  part  of  one  or  both  of  then,  in  their  failure  to  pick  a  syMetrical 
point . 

Specifically,  vbere  is  the  "error”  in  B's  concession  of  $d0  to  A?  Be 
expected  --he  aay  tell  us,  and  suppose  that  vr  have  aeaus  to  check  his 
veracity  (a  aodest  supposition  if  full  inforaatlon  of  utilities  is  already 
assiaed.')  --  that  A  vould  "deaand*  $d0;  he  expected  A  to  expect  to  get 
$d0;  he  knev  that  A  knev  that  he,  B,  expected  to  yield  $d0  and  be  con¬ 
tent  with  $20;  he  knev  that  A  knev  that  he  kz>ev  this;  and  so  on.  A  ex¬ 
pected  to  get  $d0,  knev  that  B  vas  psychologically  ready  because  he,  B, 
kxtev  that  A  confidently  expected  B  to  be  ready,  and  so  on.  That  is, 
they  both  knev  --  they  tell  us  --  and  both  knev  that  both  knev,  that  the 
outccae  vould  ineluctably  be  $d0  for  A  and  $20  for  B.  Both  vere  correct 
in  every  expectation;  the  expectations  of  each  vere  internally  consistent 
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aod  cacxai*tent  vlth  the  other's.  We  aey  be  mystified  about  hov  they 
reached  such  exs^ectatioos ;  but  the  feat  clalee  adairation  as  ouch  as  con¬ 
tempt.  The  *ratloaal -•elution"  postulate  is  beaut Ifulljr  borne  ou^;  the 
•ns  leeae  to  have  "dictated"  a  particular  outcoae  that  both  pla/en  con- 
fldentljr  perceived.  If,  at  this  point,  we  feel  we  ouraelves  wouldn’t  have 
perceived  the  aaae  outcoae,  we  can  conclude  that  one  of  four  hypotheses 
is  f)alse:  (1)  the  rat IoqslI- solution  postulate,  (2)  the  rationality  of  A 
and  B,  (3)  our  own  rationality,  (U)  the  identity  (in  all  essential  respects) 
of  the  puH  that  we  Introspectlvely  play  with  the  t^at  A  and  B  have 

Just  played.  But  we  caimot,  on  the  evidence,  declare  the  second  to  be  the 
fhlee  one  --  the  rationality  of  A  and  B. 

Bote  that  if  B  had  Insisted  on  $50,  or  if  A  had  been  content  to 
dsaand  $50,  clalainj  to  be  rmtlozal  axvd  argxxin^  in  terms  of  confidence  In 
a  shared  expectation  of  that  outcosse,  both  players  would  have  bee.'i  In 
"error*  aad  wa  cannot  tell,  on  the  evidence,  which  one  is  irrational  or 
absthsr  they  both  are.  Uhlesa  ve  saike  sywetry  the  definition  of  ratl.n- 
allty  wa  can  only  conclude  that  at  least  one  of  the  players  Is  iiTational 
or  that  the  rational -solution  postulate  does  not  hold.  What  we  have  Is  a 
siaftls  necessary  condition  for  the  rationality  of  both  players  Jointly; 
aa  baas  no  sufficient  condition,  and  no  necessary  condition  that  can  be 
applied  to  a  einale  plsyer. 

lor  can  va  catch  thea  V9>  if  wa  ask  them  hcv  they  arrived  at  their 
a^actaVloas .  Any  frotoads  that  are  consistent  wo<0d  do,  since  any  grounds 
that  sacb  sxpects  ths  other  confidently  to  adopt  are  grounds  that  he  cannot 
ratisaaULy  eschew.  Consistent  stories  are  all  they  need;  and  If  they  say 
that  a  sl4B  on  the  blackboard  said  A-$6o,  B-$20,  or  that  they  saw  in  a 
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buLletln  that  tvo  other  players,  oaaed  A'  aad  B',  split  $d0-420,  azkl 
that  they  confidently  perceived  that  this  was  clear  indication  to  both  of 
the*  of  what  to  expect ,  that  this  was  the  only  "expectable"  otrtccjsK ,  we 
cannot  catch  thea  in  error  and  prove  the*  irrational.  They  aay  be  irrational; 
but  the  evidence  will  not  show  it. 

There  is,  however,  a  basis  for  denying  ay  present  aj*gxaent .  Since  I 
have  not  actually  applied  an  iivdependent  test  of  rationality  to  tvo  players, 
given  the*  the  gaae  to  play,  and  observed  the  dO/20  split  that  I  Just 
■entloned,  but  have  only  posed  it  as  a  possibility  to  see  whether  it  would 
iaply  irrationality  ^  it  occurred,  one  could  raise  the  objection  that  it 
could  not  possibly  occur.  AzkI  the  argwent  would  rest  cn  the  problea  of 
coordination;  it  would  run  as  follows. 

If  two  players  Jointly  expect  a  priori  the  saae  outca*e,  and  confidently 
recognite  it  aa  their  coaMon  expectation,  they  aust  have  the  Intellectual 
power  to  pick  a  particular  point  in  ca*on.  If  the  whole  $100  can  be 
divided  to  the  nearest  penny,  there  are  9,999  relevant  divisions  to  con¬ 
sider,  one  of  which  would  have  to  be  picked  sianiltaneously  but  separately 
by  both  players  as  their  expectations  of  the  outcoae.  But  how  can  tvo 
people  concert  their  selections  of  one  it«a  out  of  9,999,  bhe  sense  that 
their  expectations  focus  or  converge  on  it,  except  with  odds  of  9,999  to  1 
against  thea?  The  answer  aust  be  that  they  utilise  soae  trick,  or  clue, 
or  coordinating  device  that  presents  Itaelf  to  the*.  They  aiat ,  consciously 
or  unconsc ioualy ,  uae  a  selection  procedure  that  leads  to  unique  results. 

T^re  Bust  be  something  about  the  point  t^,ey  pick  that  dlstin^lshes  It  -- 
if  Lot  in  the!.-  conacioua  reasoning,  st  least  in  our  conscious  analysis  -- 
fro*  the  continma  of  all  p>osslble  alternatives. 
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IcNT,  is  It  possible  for  tvo  retioosl  pluyers,  throu^  eoythin^  other 
than  sheer  coincidence  or  as^c ,  to  focus  their  sttentloo  on  the  ssae  par¬ 
ticular  outcoae  and  "ratloosLllor"  be  confident  that  toe  other  Is  focussed 
00  tbs  SSBS  outcoae  vlth  the  isar  appreciation  that  It  Is  mutually  expected? 
Asd,  if  so,  bow  can  they? 

The  answer  Is  that  they  can;  this  vas  demonstrated  by  the  fact  that 
in  a  savle  of  orer  '-*0  people,  instructed  to  concert  tsicltly  on  picking  the 
same  posltiTS  niaber  froa  the  Infinity  of  positive  nuabers, 

picked  the  saae  number;  and  that,  instructed  to  concert  tacitly  on  picking 
a  sialic  cell  froa  a  3  x  3  aatrlx  or  a  U  x  U  matrix,  a  substantial  majority 
ins  fed  to  do  so  In  spite  of  enormous  odds  against  them  in  a  random  sense. 
Hov  can  they?  By  usinf  any  means  that  is  STailable :  axxy  clue,  any  sug- 
fsstioB,  any  rule  of  elimination,  that  leads  to  an  unasd>iguous  choice  or 
a  hldb  probability  of  concerted  choice.  And  one  of  these  rules,  or  clues, 
or  sufftstiems,  is  aatbamaticai  syarntry. 

In  a  fmas  that  has  absolutely  no  details  but  its  aatheastical  struc- 
tare,  in  which  no  inadTertent  contextual  aatter  can  aake  Itself  appreciated 
by  a  player  as  somethinf  that  the  other  can  appreciate  too,  there  aay  be 


*  The  basic  Intellectual  premise,  or  working  hypothesis,  for  rational 
plSkyers  in  this  fsme  seems  to  be  the  premise  that  sosse  rule  aust  be  used 
if  saceess  is  to  exceed  coincidence,  and  that  the  best  rule  to  be  found, 
ehatewar  its  ratiooslixation,  is  consequently  s  ratlonsl  rule.  (This  pre- 
■Iss  woald  support,  for  example,  J.  f.  Rash  s  model  that  views  an  "unsasoothed* 
tacit  fMt  as  tbs  limit  of  a  ”Mo<rthed*  game  as  the  smoothing  approsu:hes 
wro.  Mhils  this  riev  of  the  unamoothed  game  is  in  no  sense  logically 
■aceiaary  it  is  s  powerfully  sMfg*stive  one  that  can,  In  the  absence  of  any 
batter  ratiooals  for  converging  w  a  single  point,  comsuxI  the  attention 
of  p^sg^art  in  need  of  a  coMcm  choice.  The  llalting  process  provides  s 
Ci  4  for  picking  ooe  of  the  infinitely  aaxxy  equillbrivss  p>oints  that  ac- 
Hihliy  axiat  is  the  wismoothed  game.  Of  course,  the  premise  equally  sup¬ 
ports  ai;y  othsr  procedure  that  produces  a  caivdidste  for  election  smrmg  the 
laflmltsiy  aBay  potantial  choice.*.) 
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aothin^  to  vork  on  but  a  contlnuw  of  n\i^&«ra.  Aad  all  the  niabers  can  be 
sorted  according  to  vb«ther  they  correspond  to  syMetrlcal  or  asyHMtrlcal 
dlrlslons.  If  all  n\ab«rs  but  one  represent  an  asyasstrical  split,  then 
sheer  ■atheflatical  syasetry  is  a  sufficient  rule  and  a  supremely  helpful 
one,  In  concerting  on  a  coman  choice.  And  It  aay  be  possible  to  set  up 
a  game  In  such  sanitary  fashion,  elth  suppression  of  identity  of  players 
and  everything  else,  that  there  is  literally  no  other  visible  bsisls  for 
concerting  unless  Ij^airlties  creep  In. 

In  other  vords,  ■athcflatical  symsetry  smy  focus  the  expectations  of 
tvo  rational  players  because  It  does  --  granted  the  other  assumed  features 
of  the  game,  like  full  Information  on  each  other's  utility  systems  provide 
one  aeans  of  concerting  expectations.  Vhether  it  is  a  potent  means  may 
depend  on  vhat  alternatives  are  available. 

Ihat  there  aim  other  means  of  concerting,  including  some  that  may 
substantially  outveigh  the  notion  of  sywtry,  seems  am>ly  dsmonatrmted 


*  In  this  vlev,  the  theory  of  lash  (leading  to  the  mazlass-utillty- 
product  solution)  Is  a  response  to  the  fact  that  even  in  the  realm  of 
mathematics  there  are  offhand  too  many  types  of  uniqueness  or  syHsstry  to 
provide  an  unambiguous  rule  for  selection,  hence  s  need  to  adduce  plausible 
criteria  (axioms)  sufficient  to  yield  an  unambiguous  selection.  Bralthvalte 's 
theory  can  be  charactcrlted  the  tame  vay-  The  fact  that  the  tvo  aolutlons 
conflict  Implies  that  mathemsti clans  aay  not  have  a  sufficiently  ccsaKo 
mathematical  esthetics  to  satisfy  the  first  part  of  the  Barsanyl  postulate, 
I.S.,  to  coordinate  their  expectations  on  the  same  outcoms.  (R.B.  Bralthvalte, 
T^ory  of  Games  as  a  Tool  for  Moral  Phll^ophy,  Caid>rldgs  Ukilverslty  Press, 
1955;  BrailWait~s  solution  is  described  In  Luce  and  Balffa,  Qamsa  aad 
Decisions ,  lev  York:  1957,  p.  1^5  ff-) 

Bralthvalte ' s  construction  of  the  problem  as  s  ooe-pcraon  arbitration 
problem,  and  Luce  and  Balffa '•  reformulation  of  Hash's  theory  in  terms  of 
ar'^itration  rather  than  strategy  (pp.  121-1^),  seem  to  emphasite  that 
In^Hsetual  coordination  is  st  the  heart  of  the  theory.  A  lepkllstic 
aolutlon  requires  some  "imlionalitatlon  of  a  unique  outcome;  pure  casuistry 
Is  helpful  if  the  alternative  is  vacums. 
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by  SOM  of  the  cxperlaenle  reported  in  the  article  already  referred  to. 

•o  it  ia  deaooetrably  poaaible  to  aet  up  gaoet  in  vhlch  oatheaatical 
aysatry  doe*  provide  the  focu*  for  ccx^rdlnated  expectation,  and  deaon- 
atrably  poaaible  to  aet  up  gaaea  in  vhlch  soaK  other  aapect  of  the  gaae 
focuaaea  expectation*.  (Theae  other  aapecta  are  coaaxxily  not  cootained 
in  the  ■atbeaatical  atriicture  of  the  gaae  but  are  part  of  the  "topical 
content*;  l.e.,  they  uaunlly  depend  on  tlie  "labelling"  of  player*  and 
atrmte^ea,  to  uae  the  ten*  of  Luce  and  Raiffa.  ) 

I  have  no  baaia  for  arguing  vlth  vhat  force,  or  In  vhat  percentage  of 
interaating  gaaea,  aatheaatical  ayaaetry  does  ioeiinate  "rational  expecta- 
tiooe*.  But  I  think  that  the  atatua  of  the  aysetry  poatulate  la  quali¬ 
tatively  changed  by  the  adadaiion  that  ayuMetry  haa  ccxg>etitora  in  the  role 
of  focuaaing  expectation*.  For  if  it  vere  believed  that  rational  players' 
expaetationa  could  only  be  brought  into  conaistency  by  scae  ■atheaatical 
property  of  tb*  payoff  function,  then  ayaaetry  might  seen  to  lave  undlaputed 
cXala,  particularly  if  It  ia  poaaible  to  find  a  unique  definition  of 
•yMetry  that  meet*  certain  attractive  axicxss.  but  if  or^  to  admit 
that  other  thing*,  things  not  nacesaarxly  part  of  the  mathematical  st.’-ur- 
tar*  of  the  payoff  function,  can  do  vhat  syasetry  does,  then  there  ia  no 
a  priori  raaaon  to  suppoae  that  vhat  ay»etry  does  is  99^  or  11  of  the  job. 
fha  appaal  of  ayametry  is  no  longer  mathematical,  it  is  ir  trospectlve ; 
aaA  further  argument  ia  limited  to  the  personal  appeal  of  particular 
foeaaalag  devices  to  the  game  theorist  as  gaase  player,  or  else  recourse 
■aet  be  had  to  empirical  obaervatloc. 

*  T.  C.  Bchelllng,  "Bargaining,  Cowunlcation ,  and  Liadted  Var," 

Joauml  of  Conflict  Resolution,  Vol .  1,  Ifcrch,  1957- 
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•niu*  a  normtive  theory  of  gues ,  a  theory  of  strategy ,  depending  on 
intellectual  coordination,  has  a  co^>onent  that  is  inherently  eapirical; 

It  depends  on  how  people  can  coordinate  their  expectations .  It  depends 
therefore  on  skill  and  on  context.  T^e  rational  player  oust  address 
hlaself  to  the  e^lrlcal  question  of  how,  in  the  particular  context  of  his 
cwn  gaae ,  two  rational  players  alght  achieve  tacit  coordination  of  choices, 
if  he  Is  to  find  In  the  gaae  a  basis  for  sharing  an  a  priori  expectation 
of  the  outcooe  with  his  partner.  The  identification  of  sy»setry  with 
rationality  rests  on  the  assuaptlon  that  there  are  certain  Intellectual 
processes  that  rational  players  are  Incapable  of,  raaely ,  concerting  cnolces 
on  thie  basis  of  anything  other  than  aatheaatlcal  syaastry,  and  that  rational 
players  should  know  this;  it  is  an  eaplrlcal  question  whether  rational 
play'TS  can  actually  do  better  thian  such  a  theory  predicts,  and  should  cor  » 
sequently  Ignore  the  strategic  principles  produced  by  the  thjeory. 

final  .lote 

An  Introspe'-t Ive  gaae,  which  could  be  submitted  to  experlaent,  nay 
Illustrate  the  point.  Let  us  --  wtiether  or  not  we  are  strongly  attracted 
to  the  sysnetry  postulste,  and  whether  or  not  we  are  especially  attracted 
to  the  particular  sywsstry  of  the  .tash  solution  --  put  ourselves  In  a  fraas 
of  Blind  congenial  to  s-'ceptlng  the  "Jlash  point*  as  the  rational  outcosa  of 
an  explicit  bargaining  gaae.  And  laaglnc  s  gaas's  potential  payoffs  as 
conslstlr;g  of  all  the  points  on  or  within  soae  boundary  In  the  upper-right 
quadrant.  We  new  'onsider  soar  variants  of  this  gaae. 

first,  we  are  to  play  the  saae  gaae  In  tacit  form;  each  of  us  picks  a 
point  along  his  own  sxis,  and  If  tne  resulting  point  Is  oc  or  within  the 
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boundAry,  ««  get  the  aaoxinta  (utilities)  denoted  by  the  coordixiatet  ve  pick. 

I  conjecture  that,  In  the  fra«e  of  alnd  I  have  asked  for,  ve  should  pro¬ 
bably  pick  the  Raah  point.  Without  aakln^  precisely  vhy  ,  let  us  go  on  to 
the  next  variant.  This  gaae  is  tacit  too.  but  it  differs  in  that  we  get 
nothing  unless  the  point  whose  coordinates  we  pick  is  exactly  on  the  boundary. 
Ve  get  nothing  unless  we  exhaust  the  available  gains.  Caution  gets  us 
nowhere;  each  auat  choose  exactly  sa  the  other  expects  hia  to.  Again  I 
propose  that,  in  our  present  frauae  of  Bind,  we  oughit  to  take  the  Nash  point. 

Filially  consider  another  variant;  we  are  shown  the  diagraa  of  the 
gaas  that  has  Just  been  played  and  told  that  we  are  now  to  be  perfect 
partners,  vlnnlng  smd  losing  together.  Conscious  of  the  fact  that  our 
present  gaae  is  aodelled  on  a  *bargaining  gaae”  we  are  to  pick,  without 
eoHunlcatlng ,  coordinates  of  a  point  that  lies  exactly  on  the  boundary; 

If  we  do,  ve  both  vln  prites  --  the  saae  prises  no  aatter  what  point  we 
succeed  in  picking  together  -•  and  If  ve  fall  to  pick  a  point  on  the 
boundary  ve  get  nothing.  In  this  pure  coordination  gaae,  I  conjecture 
agiln  that  ve  ought  (vould)  In  our  present  frmae  of  Bind  pick  the  Nash 
point. 

VbyT  Sillily  because  ve  need  sosse  rationalisation  that  leads  to  s 
UDifUS  point;  and  in  the  context  the  bargaining  ansklogy  provides  It. 
ttilsss  there  is  a  aharp  comer  (which  is  then  likely  to  be  the  Nash  point 
Myvay);  or  a  slj^le  "aid  point*  as  when  the  boundary  is  a  straight  line 
or  circular  arc  (vhlch  again  coincides  with  the  Nash  point);  or  sosk 
especially  suggestive  fora  that  seeaa  to  point  towards  s  particular  point; 
or  u&less  there  Is  an  lapurlty  (such  as  a  dot  on  the  boundary,  frosi  s 
frlater's  error,  or  a  single  point  whose  coordinates  are  whole  numbers, 
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etc .  ) ;  ^  tearch  for  a  "unique"  definition  of  tymmlry  to 

fall  back  or,  Naeh-type  syvetry  beln^  aa  plausible  as  anjr  I  can  think  of, 
not  as  slJi5>}e  as  s»  (  like  the  Intersection  of  a  U^-degree  line  vlth  the 
origin  and  others  of  that  Ilk)  but  less  aablguous  on  Its  ovn  level  of 
sophistication . 

And  If  the  llash  point  appeals  to  us  powerfully  in  the  bargalnln4 
gaae  ,  it  Bust  do  so  because  we  are  confident  that  It  appeals  equally  to 
our  j>artner  who  in  turn  we  believe  to  be  aware  that  our  views  coincide; 

It  Bust  therefore  appeal  to  us  In  the  pure-coordlnatlon  gaae  as  a  unique 
point  that  the  partner  will  consider  to  be  obviously  obvious. 

What  does  this  prove  or  surest?  I  aa  not  arguing  for  the  Naah  point. 

I  am  arguing  rather  that  the  appeal  of  the  Nash  point  to  a  gaae  theorlat 
(as  Introspective  gaae  player)  aay  be  the  reverse  of  the  sequence  I  have 
Just  run  through.  It  aay  be  the  focal  qusllty  of  the  Nash-polnl  In  the 
pure  coordination  gaae  --  the  unequivocal  usefulness  of  s  uniquely  defined 
syvietry  concept,  when  no  non -aathetiat leal  lapurltles  are  available  to 
help  --  that  mkes  It  a  controlling  Influence  In  the  tacit  and  terribly 
cooperative  boundary-line  gaae;  that  in  turn  aakes  It  a  reliable  guide  in 
the  less  Icaanding  tacit  bounded -area  gaae,  and  that  In  turn  takes  the 
heart  out  of  any  player  In  the  explicit  gaae  who  thinks  expectations  can 
focus  anywhere  alse . 

In  other  words,  by  postulating  the  need  for  coordination  of  expectations, 
we  sees  to  have  s  theoretical  basis  for  soaethlng  like  t.he  Nash  axlcms. 

V>at  s  theory  Hie  Hash's  needs  is  the  premise  that  a  "solution*  exists; 

It  Is  the  observable  phenoaenon  of  tacit  coordination  t^at  provides 
eaplrlcvl  evidence  tfiat  ( sosset  lasts )  rational  egiectatlons  can  be  tacitly 
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focu*»ed  on  a  unique  (and  perhapg  efficient)  outcoaie,  and  that  leada  one 
to  auppoae  that  the  eajae  3>ay  b«  possible  In  a  game  that  provides  nothing 
but  aathcnatlcal  properties  to  work  cn.  The  Nash  theory  Is  vindication 
of  this  supposition  --  complete  vindication  If  It  dominates  all  competing 
■athaaatlcal  solutions  In  terms  of  mathematical  esthetics.  (The  resulting 
focal  point  is  limited  to  the  universe  of  aathematlcs,  hovever,  vhlch 
should  not  be  equated  vlth  the  universe  of  gaae  theory.) 
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